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Introduction
In the 1970s and 1980s, when many European countries were plagued by high unemployment, Swedish unemployment was low by international standards. This observation generated a fair amount of academic attention and Sweden's labour market has since then often been the focus of economic research. In particular, the Swedish labour market has an interesting structure with, for example, strong unions, centralised wage bargaining and highly active labour-market policy. It is, accordingly, often considered to be at the other end of the spectrum relative to the United States and therefore of general interest when labour-market arrangements and policies are discussed.
The purpose of this paper is to investigate the long-run relationship between unemployment and labour-force participation in Sweden. Whether unemployment is related to labour-force participation is an issue that has important implications for theory, empirical modelling and policy in both labour and macroeconomics. For example, so-called discouraged-worker effects, which imply that individuals' labour-force participation may change over time for market-driven reasons, can substantially affect the informational value of the unemployment rate as a macroeconomic indicator (Murphy and Topel, 1997; Gustavsson and Österholm, 2006) . Another interesting aspect of the relationship between these two variables is the relevance of the so-called unemployment invariance hypothesis which suggests that the long-run unemployment rate is independent of the labour force. 1 In this paper, we take a macro-level approach to the empirical investigation of the long-run relationship between Swedish unemployment and labour-force participation and based on the time-series properties of the data, the issue is addressed using cointegration techniques.
Data and empirical analysis
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. 12 1970 1975 1980 1985 1990 1995 2000 2005 Male unemployment rate . 9 1970 1975 1980 1985 1990 1995 2000 2005 Male labour-force participation rate . 12 1970 1975 1980 1985 1990 1995 2000 2005 Female unemployment rate 9 1970 1975 1980 1985 1990 1995 2000 2005 Female labour-force participation rate Initially, we want to establish the time-series properties of the variables in question as these affect both methodological choices and inference procedures. Moreover, if the unemployment and participation rates are integrated of different orders, no long-run equilibrium relationship can exist between the two. We employ two different unit-root tests to the six series: the Augmented DickeyFuller test with GLS detrending (Elliot et al., 1996) and the KPSS test (Kwiatkowski et al., 1992) .
The ADF-GLS test has a unit root under the null hypothesis, whereas the KPSS test reverses the burden of proof as it has stationarity under the null. Results, where we have tested for reversion around a constant level, can be found in Table 1 . Whilst the evidence regarding the Swedish unemployment rate has been mixed in the empirical literature, it is generally concluded that it is generated by a unit-root process; 2 our results clearly support this conclusion, regardless of aggregation level.
This might not come as a complete surprise when Sweden's institutional settings are considered though, as the presence of strong unions was the initial explanation for unemployment hysteresis (Blanchard and Summers, 1986) . Regarding the different labour-force participation rates, these are also all found to be unit-root processes. Table 2 presents the results from the cointegration tests using Johansen's (1988 Johansen's ( , 1991 ) maximum eigenvalue and trace tests. As can be seen, one -and only one -cointegrating vector is supported in all three cases. This suggests that there is a long-run relationship between the two variables. However, since there is some concern that the labour-force participation and unemployment rates may not have exact unit roots, we should take some extra caution since the Johansen tests are known to have size distortions in such cases; see, for example, Hjalmarsson and Österholm (2007) .
We therefore test whether the restrictions ( )
can be rejected; if they cannot, we conclude that the cointegration found is not due to a relationship between the variables but a single stationary variable. (Labour-force participation in the first case and unemployment in the second.) Results from these likelihood ratio tests can be found in Table 3 . As can be seen, the null hypothesis is rejected at the five percent level in all cases. To see this, note that a higher unemployment rate is associated with a lower participation rate. The very large number for women is likely to be a result of a reversed discouraged-worker effect; during the era of low unemployment, women chose to enter the labour force in large numbers. 4 However, it does not seem unreasonable to argue that there is endogeneity here; it is hence not obvious that the cointegrating vector describes adjustment of participation rates to unemployment rates (consistent with only a discouraged-worker effect). We therefore finally turn to the errorcorrection terms, where we are interested in whether we can impose any of the restrictions ( )
The former restriction implies that the unemployment rate does not error correct but that the labour-force participation rate does, whereas the opposite would be true if the latter restriction holds. Testing these restrictions for our three models using likelihood ratio tests, we find that both restrictions are rejected for the aggregate level and women. For men, on the other hand, the restriction ( ) ′ = 0 1 α α cannot be rejected. This means that the male participation rate adjusts to the male unemployment rate but not vice versa, a finding that further confirms our earlier statement regarding discouraged-worker effects. Regarding the fact that we could reject both restrictions on α for the aggregate rates and women's rates, this could be due to some "deeper" omitted force. For example, emancipation could lead to women, more or less exoge-nously, choosing to enter the labour market, thereby affecting the unemployment rate. 
Conclusions
To conclude, this paper has shown that there exists a long-run relationship between unemployment and labour-force participation in Sweden. The result is robust and also found when using genderspecific data. This means that the unemployment invariance hypothesis has not found support in Sweden, which should be kept in mind when performing empirical work; any researcher should seriously question whether it makes sense to impose a long-run restriction which is so forcefully contradicted on a rather long sample. Moreover, cointegrating vectors support important discouraged-worker effects in the data. Given that both unemployment and participation rates are integrated of order one, it is also clear that these effects are permanent. 
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